Infection of cells treated with guanidine and actinomycin D and then washed to remove the guanidine inhibition of virus growth had no effect on antiviral activity already established by interferon. Protein synthesis in interferon-treated cells infected under these conditions was decreased as compared to control cells similarly treated but not exposed to interferon. In these control cells, analysis by polyacrylamide gel electrophoresis indicated that six proteins were produced during the first hour after guanidine reversal. Five of these proteins have been previously identified as probably being viral in origin. In interferon-treated cells, only a single major protein was produced. Ribonucleic acid (RNA) synthesis by Semliki Forest virus during the first hour after guanidine reversal was markedly depressed by incubation at 42 C, but no inhibition of total virus protein synthesis was seen; this finding suggested that much of the virus protein produced in the first hour after guanidine reversal was carried out by input virus RNA. Interferon was fully active in cells incubated at 42 C. The results suggested that interferon inhibits the production of Semliki Forest virus proteins ordinarily produced under the direction of the virus genome.
Infection of cells treated with guanidine and actinomycin D and then washed to remove the guanidine inhibition of virus growth had no effect on antiviral activity already established by interferon. Protein synthesis in interferon-treated cells infected under these conditions was decreased as compared to control cells similarly treated but not exposed to interferon. In these control cells, analysis by polyacrylamide gel electrophoresis indicated that six proteins were produced during the first hour after guanidine reversal. Five of these proteins have been previously identified as probably being viral in origin. In interferon-treated cells, only a single major protein was produced. Ribonucleic acid (RNA) synthesis by Semliki Forest virus during the first hour after guanidine reversal was markedly depressed by incubation at 42 C, but no inhibition of total virus protein synthesis was seen; this finding suggested that much of the virus protein produced in the first hour after guanidine reversal was carried out by input virus RNA. Interferon was fully active in cells incubated at 42 C. The results suggested that interferon inhibits the production of Semliki Forest virus proteins ordinarily produced under the direction of the virus genome.
Recent studies have indicated that the mechanism of action of interferon involves a step between the transcription and the translation of virus genetic information (7) . Additional studies have suggested that the step inhibited may be the binding of parental viral ribonucleic acid (RNA) to the ribosome or to a ribosomal subunit (2, 10) or the translation of viral RNA (10) . Moreover, it has been shown that the production of viral polymerases relatively late in infection by mengovirus (12) a Chick cells were treated with 1,000 units of purified chick interferon per ml for 14 hr. After washing, these cells and untreated control were incubated with actinomycin D (2,jg/ml) and were infected with Semliki Forest virus in the presence of guanidine (3 mg/ml). After 4 hr, the monolayers were washed and incubated for 1 hr with 10 /,c of a 14C-amino acid mixture per ml. Total protein and acid-precipitable radioactivity were then determined.
activity of interferon persists despite infection with virus in the presence of guanidine and actinomycin D.
Nature ofproteins produced in interferon-treated cells. To study the nature and number of proteins produced in interferon-treated, virus-infected cells, extracts of the cytoplasm of virus-infected cells were analyzed by polyacrylamide gel electrophoresis (16) . Microdensitometer tracings from autoradiograms of gels on which various cytoplasmic extracts had been analyzed are shown in Fig. 1 . When "4C-amino acids were incubated with infected CEF for 1 hr immediately after reversal of guanidine inhibition, the autoradiogram showed six distinct lines (Fig. 1A) . Five of these lines have previously been identified in SFV-infected CEF, 1 to 2 hr after guanidine reversal. These lines are identified in Fig. IA , as they were previously, by the designations 1, 2, or 3 for proteins which are present in the virion and A and B for nonstructural proteins. The protein not previously identified is designated C' (Fig. 1A) .
In cells treated with 1,000 units of partially purified interferon per ml for 14 hr before infection and then treated as the specimen shown in Fig. 1A , only a single protein could be clearly identified, even after prolonged exposure of films to the dehydrated gel slices (Fig. iB) .
In uninfected CEF treated with actinomycin D and guanidine and then washed (Fig. 1C) , a pattern of lines qualitatively similar to that seen in untreated and uninfected CEF was present (4). The prominent lines in the autoradiogram corresponded to the major lines present in the stained gel.
These results suggested that interferon inhibited the accumulation of SFV proteins. Peak C' in Fig. IA or the single peak present in inter-feron-treated cells (Fig. 1B) may not be a viral protein, since both corresponded in position to the major chick cell protein produced (Fig. IC) , and since protein C' is not present in autoradiograms made from cytoplasmic extracts of cells labeled from 1 to 2 hr (instead of 0 to 1 hr) after virus infection (4) .
Effect of growvth at 42 C on virus protein synthesis. The preceding results suggested that interferon treatment inhibited the synthesis of SFV proteins, but it is well known that interferon treatment inhibits virus RNA synthesis (11); thus, it is possible that the results observed might have been secondary to an inhibition of progeny virus RNA production. The bulk of the protein synthesized in the first hour of infection under the conditions employed, however, may be produced under the direction of input virus RNA. To indicate whether this was likely, advantage was taken of the fact that SFV is a temperaturesensitive virus which does not grow at 42 C (14) .
Even though no virus multiplication took place in cultures incubated at 42 C after guanidine reversal, some actinomycin D-resistant RNA was produced (Table 3) . This, however, amounted to only 12% of that produced in similar cultures incubated at 37 C. On the other hand, no inhibition of protein synthesis was seen in cultures incubated at 42 C. These results indicated that, under conditions which markedly reduced the production of viral RNA, no inhibition of protein synthesis took place. The bulk of the viral protein made in the first hour after guanidine reversal, therefore, may be produced by input RNA.
The nature of the protein produced in the infected cells incubated at 42 C after guanidine reversal is shown in the tracing from an autoradiogram of a gel pattern produced by extracts of these cells ( Fig. 2A) 2B ).
An additional observation may be made on the tracing shown in Fig. 2A . Proteins A and B appear to be reduced in amount when compared to the distinct peaks of these proteins seen in Fig. 1A . Current studies suggest that the rate of destruction of proteins A and B at 42 C probably exceeds their rate of synthesis at this temperature.
DISCUSSION
The results of this investigation indicate that interferon inhibits SFV growth by inhibiting the production of SFV proteins. Experiments performed at 42 C suggest that much of the protein ordinarily produced during the first hour of infection after guanidine reversal may be formed under the direction of parental (input) virus RNA.
The conclusion that interferon may inhibit the synthesis of viral proteins formed under the direction of parental virus RNA is consistent with previous findings. Interferon treatment did not inhibit the formation of vaccinia virus messenger RNA, but polysomes containing this RNA failed to form in interferon-treated cells (7) . Interferon treatment has also been shown to inhibit the entry of parental mengovirus 37S RNA into a SOS cytoplasmic form (9) . It was suggested that intfected as described in the legenld to Fig. 1 Previous studies have indicated that cellular RNA and protein synthesis are necessary for the development of antiviral activity in interferontreated cells (6, 8, 17) . Results in cell-free systems have suggested that interferon alters the ability of viral RNA to bind to cell ribosomes. These results have led to the notion that a cell protein induced by interferon treatment binds to ribosomes or to ribosomal subunits and inhibits the attachment (2, 9, 10) or translation (10) 
